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Summary
Objective: To compare the accuracy rates of intra-articular hyaluronic acid (HA) injections for osteoarthritis (OA) of the knee between the
modiﬁed Waddell approach (an anteromedial approach with manipulative ankle traction at 30 of knee ﬂexion), an anteromedial approach
with the subjects seated (hereinafter the seated anteromedial approach) and a lateral patellar approach based on the KellgreneLawrence
(KeL) radiographic grade (II, III and IV).
Designs: Fifty patients with knee OA received HA injections through the three approaches. The accuracy rates were conﬁrmed with a single
radiograph after injections of a mixture of radiographic contrast medium.
Results: In the KeL grade IV cases (n¼ 11), the accuracy rates through the modiﬁed Waddell approach (11 out of 11, 100%) were signiﬁ-
cantly higher than those through the seated anteromedial approach (six out of 11, 55%) and the lateral patellar approach (six out of 11,
55%) (P¼ 0.035). No signiﬁcant differences were detected in the accuracy rates of the participants classiﬁed as grade II (n¼ 21) or III
(n¼ 18) cases between the modiﬁed Waddell approach (86% and 78%, respectively), the seated anteromedial approach (71% and 56%,
respectively) and the lateral patellar approach (86% and 61%, respectively) (P> 0.05).
Conclusion: Although previous studies have been conducted on the accuracy of needle placement into the intra-articular space of the knee, no
evaluations were performed with the results categorized by radiographic severity. This study highlighted the need for clinicians to change the
approach employed for HA injections, according to the severity of knee OA.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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The use of an intra-articular injection with hyaluronic acid
(HA) has recently become more widely accepted as a ther-
apy for pain accompanying osteoarthritis (OA) of the knee1.
However, an incorrect placement of extra-articular HA injec-
tion causes discomfort to the patient and declination of the
effect of the HA2.
Needle placement can be conﬁrmed easily when an
effusion is present. During joint aspiration for effusion, the
return of synovial ﬂuid clearly indicates intra-articular place-
ment of the needle. However, Luc et al.3 suggested that
accurate intra-articular placement of the HA was difﬁcult
without guidance by real-time ﬂuoroscopic imaging or an ul-
trasonic method for ‘‘dry’’ knee disease, which was deﬁned
as a knee without any clinically detectable effusion. Jones
et al.4 used a single radiograph to evaluate the accuracy
of injections of a mixture of radiographic contrast medium
without real-time ﬂuoroscopic imaging or the use of an ultra-
sonic method. They reported that only 39 of 59 knee joint
injections (66%) were intra-articular, and almost 33% were
extra-articular.*Address correspondence and reprint requests to: Dr Yoshitaka
Toda, Toda Orthopedic Rheumatology Clinic, 14-1 Toyotsu-cho,
Suita, Osaka 564-0051, Japan. Tel: 81-6-6387-4114; Fax: 81-6-
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980Three routes have been employed for intra-articular knee
injections: the medial, lateral, and anterior approaches.
Lussier et al.2 reported a larger frequency of adverse re-
actions after injections of HA administered from the medial
aspect of the patella than from the lateral side. Iizuka et al.5
reported patients who developed saphenous neuropathy
following knee joint injection via the medial approach.
Thus, the medial approach was not considered as the ﬁrst
choice for intra-articular injections with HA.
The lateral patellar approach is widely used as the
method for intra-articular HA injection. The lateral patellar
approach is more appropriate to extra ﬂuid when an effusion
is present than anterior technique2.
Waddell et al.6 reported that the contrast material was ob-
served in the synovial space in 100% of injections using the
anterolateral approach with the knee ﬂexed between 30 and
40 using a standard dental chair in 11 healthy volunteers
and this technique has been utilized successfully in more
than 2000 injections of HA for patients with knee OA in their
orthopedic practice. However, this study underestimated
the potential usefulness encountered when performing in-
jections in patients with severe knee OA.
We modiﬁed Waddell’s anterolateral approach as a direct
approach to the medial tibiofemoral joint space with manip-
ulative ankle traction (the modiﬁed Waddell approach). In
our previous study, 117 ‘‘dry’’ knee OA patients with Kell-
greneLawrence (KeL) radiographic grade III or IV were
treated with HA weekly for 4 weeks through the lateral pa-
tellar approach (n¼ 58) or the modiﬁed Waddell approach
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sion score shown by the Lequesne index9 (P¼ 0.031)
was demonstrated in the modiﬁed Waddell approach group
(3.3 5.5) compared with the lateral patellar approach
group (1.5 3.2). We inferred that the greater improvement
in the modiﬁed Waddell approach group was due to the
more accurate placement of the injections, compared with
the lateral patellar approach, although the accuracy rates
were not conﬁrmed with a radiographic contrast medium.
This study was designed to compare the accuracy rates
in our daily outpatient practice between the lateral patellar,
anteromedial and modiﬁed Waddell approaches using a sin-
gle radiograph after injections of a mixture of radiographic
contrast medium without real-time ﬂuoroscopic imaging.
Furthermore, the accuracy rates for the three approaches
were compared based on the KeL grade (II, III and IV).MethodsSTUDY DESIGNThis study was accomplished through prospective evaluation of patients
with medial compartment knee OA. The setting was an Orthopedic Out-
patient Clinic.The principal outcome results considered were as follows:
 The accuracy rate of the intra-articular injection using the contrast
material, and Algo-functional disability improvement using the Lequesne index9,10.
The procedures employed were conducted in accord with the Declaration
of Helsinki11.INCLUSION/EXCLUSION CRITERIASeventy-two new outpatients with medial compartment OA knee seen in
our Orthopedic Outcome Clinic from January to March in 2007 were selected
according to the American College of Rheumatology criteria and a criteria
stipulating a standing femorotibial angle greater than 176 shown by X-
ray12. ‘‘Dry’’ knee disease was deﬁned as a knee without any clinically
detectable effusion2.
Exclusion criteria following the report by Maillerfert et al.13 were employed:
a greater or similar reduction in the lateral joint space width, compared with
the medial femorotibial joint space width (concomitance with lateral knee
OA), shown on plain postero-anterior X-rays, bilateral knee OA, secondary
knee OA, hip OA, ankle OA, and any intra-articular corticosteroid or HA injec-
tion within 1 month.
There were eight patients who were not eligible, according to the exclu-
sion criteria given above, and ﬁve patients refused to participate in the study.
At their initial visit, the patients were asked about their drug use history,
i.e., use of an analgesic, non-steroidal anti-inﬂammatory drug (NSAID) and
alternative medication, including glucosamine use within the previous
week. There were 41 patients who had a positive drug history of the 59 par-
ticipants who were eligible for inclusion (69.5 %) in the study. It was required
that these 41 patients discontinued the use of previous medications during
a week employed as a wash-out period between the initial visit and the base-
line assessment. During the wash-out period, nine of these 41 patients (22%)
could not quit their previous medications.
After providing informed consent, 50 outpatients, including eight males
and 42 females with knee OA [mean age: 66.1, standard deviation (SD):
8.9], participated in this study (Table I).INTERVENTIONThe HA used in this study had a molecular weight of 1.9 million Daltons,
and it was produced by biological fermentation (Suvenyl, Chugai, Tokyo,Table
Characteristics of the pa
Age (years) Disease duration
(years)
Body mass
index (kg/m2)
Femorotib
angle ((
Mean (SD) 66.1 (8.9) 3.7 (4.1) 24.4 (3.7) 180.1 (4.
Median 68 2.0 23.7 179
95% CI 64.7e67.5 3.0e4.3 22.7e25.1 179.3e18Japan). The 2.5 ml HA was injected every 2 weeks (baseline assessment,
week 2 and 4). The participants were instructed to return for the ﬁnal assess-
ment at week 6. The rational for the 2-week interval between the third injec-
tion at week 4 and the ﬁnal assessment at week 6 was that clinical
improvement due to a HA injection begins with a delayed onset between 2
and 5 weeks14. All participants were given a uniform NSAID (lornoxicam
4 mg twice daily) for 6 weeks as an adjunctive therapy.
The injections were performed by one orthopedic surgeon using a 1.25-in
(3.2 cm) 23-gauge needle through three approaches: the lateral patellar
approach, the anteromedial approach with a knee ﬂexion of 90 (the seated
anteromedial approach) and the anteromedial approach with manipulative
ankle traction with a knee ﬂexion of 30 (the modiﬁed Waddell approach).
After the joint space was palpable, the skin was cleansed with a tampon
soaked in povidone three times for all of the injections.
The lateral patellar approach involved insertion of a needle 1 cm above
and 1 cm lateral to the superior lateral aspect to the patella at a 45- angle
according to Zuber15 [Fig. 1(a)].
Following a report by Jackson et al.16, the seated anteromedial injection
was performed with the patients seated with the affected leg hanging over
the side of the examination table with the knee ﬂexed to approximately
90. The patient’s foot was allowed to hang freely without contact with the
ﬂoor or a stool. The injection site was selected inferior to the patella, one
ﬁnger breadth proximal to the tibial joint surface, and medial to the patella
tendon. The needle was directed obliquely toward the intercondylar notch
[Fig. 1(b)].
In the modiﬁed Waddell approach, the patients were prone on a bed and
the knee was bent to 30 on a plaster shell. The hand opposite to that used
for the injection was used for manipulative ankle traction [Fig. 1(d)]. Accord-
ing to Waddell et al.6, the injection site was proximal to the site of the seated
anteromedial approach by approximately 1.0e1.5 cm and the needle was
advanced inward to the intra-articular space just at the anterior contact point
of the femoral medial condyle.
All three injection techniques were employed on every patient.
The randomization procedure employed for the order of the three ap-
proaches was a computer-generated block method using sealed envelopes.
The purpose of randomization was decreasing the inﬂuence of turn of
approaches on the accuracy rates for the intra-articular injections.
In the initial visit, clinicians were given randomly generated treatment al-
locations within sealed opaque envelopes in a series of blocks of six. Once
a patient had entered the trial in the baseline assessment, an envelope was
opened and the patient was then offered the allocated intervention regimen.
Those participants whose allocated block number was ‘‘one’’ were se-
quential injected through the lateral patella, seated anteromedial and modi-
ﬁed Waddell’s approaches. If the participants’ allocated number was ‘‘two’’,
the order of injections were the lateral patella, modiﬁed Waddell’s and seated
anteromedial approaches. Similarly, if the participants’ allocated number was
‘‘three’’, the turn of injections were the seated anteromedial, lateral patella
and modiﬁed Waddell’s approaches.OUTCOME MEASURESAlong with the 2.5 ml HA injection, 2 ml of contrast material (iotrolan) was
injected into the knee joint. Once intra-articular positioning of the needle was
considered adequate, HA mixed with contrast solution was injected and lat-
eral and anterioreposterior radiographs were taken 10 min later. When the
needle was positioned incorrectly, the contrast material pooled as a bolus
in either the fat pad or the subsynovial tissues on the radiograph. If the nee-
dle was positioned correctly, the contrast material shaped the outlines of
suprapatellar pouch and meniscus. The accuracy rates for the intra-articular
injections were compared between the three approaches, based on the KeL
grade.
In order to assess the effect of incorrect injections on clinical outcomes,
the patients were categorized into two groups: patients that received only in-
tra-articular injections (the correct injection group) and patients that received
an extra-articular injection at least one time (the incorrect injection group). A
research nurse who was blind to the objectives of the study asked the par-
ticipants to assess the Lequesne index at the baseline and 6-week assess-
ments. The Lequesne indexes at the 6-week assessment were compared
with the baseline recordings for both the correct and incorrect injection
groups.I
rticipants (n¼ 80)
ial
)
Lequesne index
(score)
Sex
(no. of cases)
Radiographic
grade (no. of cases)
7) 10.7 (5.4) Men: 8, women: 42 II: 21
11 III: 18
1 9.2e12.3 IV: 11
Fig. 1. Approaches for intra-articular knee injections. (a) The lateral patellar approach, (b) the seated anteromedial approach, (c) the original
Waddell’s approach, and (d) the modiﬁed Waddell’s approach (the plaster shell).
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groups using the c2 test. The paired t test was used to assess for statistically
signiﬁcant differences in the Lequesne index between the baseline and the
6-week assessments in the correct and incorrect injection groups. Statistical
signiﬁcance levels were considered to be P< 0.05.ResultsACCURACY RATES OF INJECTION BASED ON KeL GRADEThe 50 cases were composed of 21 in the KeL grade II,
18 in grade III and 11 in grade IV. The injection accuracy
rates based on the KeL grade for each approach are shown
in Fig. 2.
In the grade II cases, 18 of 21 injections through the mod-
iﬁed Waddell approach were conﬁrmed to have been
placed in the intra-articular space (86% accuracy rate). Fif-
teen of 21 injections (71%) performed through the seated
anteromedial approach were intra-articular. The accuracy
rate for the lateral patellar approach was 18 of 21 injections
(86%). There were no signiﬁcant differences in the accuracy
rates between any of the approach groups.
No signiﬁcant differences were detected in the accuracy
rate for participants with a grade III ranking between the
modiﬁed Waddell approach (14 out of 18, 78%), the seated
anteromedial approach (10 out of 18, 56%) and the lateral
patellar approach (11 out of 18, 61%).
In the grade IV cases, the accuracy rate for the modiﬁed
Waddell approach (11 out of 11, 100%) was signiﬁcantly
higher than those for the seated anteromedial approach
(six out of 11, 55%) and the lateral patellar approach (six
out of 11, 55%) (P¼ 0.035).CLINICAL ASSESSMENTAll participants completed the 6-week study (returned for
the ﬁnal follow-up visit). There were 18 participants in the
correct injection group and 32 in the incorrect injection
group.
The mean values and SD for changes in the Lequsne
index at the ﬁnal assessment, compared with the baseline
assessment, were 4.7 4.1 in the correct injection group
and 1.3 4.6 in the incorrect injection group. The patients
that received only intra-articular injections demonstrated
signiﬁcantly improved Lequesne index values, in compari-
son with their baseline assessments (P< 0.0001). How-
ever, these signiﬁcant differences were not found in the
patients that received even one, or more, extra-articular
injections (P¼ 0.14) (Table II).
Discussion
At 30 of knee ﬂexion, the tension of both of the ham-
strings and the quadriceps decreases, and the anterior cru-
ciate ligament (ACL) acts as a protagonist to the stability of
knee joint17. However, ACL rupture is frequent among those
with radiographic severe knee OA. Hill et al.18 evaluated
magnetic response imaging in a group of 360 symptomatic
knee OA patients. Their results showed complete ACL tears
present in 43 of 86 patients (50%) with KeL grade III and 12
of 16 patients (75%) with KeL grade IV. Moul19 suggested
that the function to restrain the widening joint space at 30
of knee ﬂexion is incurred, if ACL strain is decreased.
In a previous study, we assessed the changes in the joint
space width in patients with medial compartment knee OA
on lateral view radiographs with manipulative ankle traction
Modified
Waddell’s
approach
Seated
anteromedial
approach
Lateral
patellar
approach
K-L Grade II Grade III Grade IV Total
: Intra-articular injection
: Extra-
Case numbers   1 2 3 4
Case numbers   1 2 3 4
…………………. ………………….21 22 39 40…………50
An accuracy rate:
18/21 (86%) 14/18 (78%) 11/11 (100%) 43/50 (86%)
An accuracy rate:
15/21 (71%) 10/18 (56%) 6/11 (55%) 31/50 (62%)
18/21 (86%) 11/18 (61%) 6/11 (55%) 35/50 (70%)
……………………21 22 39 40 50
1 2 3 4 21 22 39 40 50
Fig. 2. Accuracy rates for the three approaches. The case number is common in the three approaches.
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IV)20. According to LaValley et al.21, the joint space was
measured at the points that appeared to be the narrowest
visually in the medial compartment. In the grade IV cases
(n¼ 7) with manipulative ankle traction, the joint space
width was increased by an average of 2.4 1.4 mm, com-
pared with no traction. However, the joint space width
with manipulative ankle traction differed by 1.1 0.97 mm
and 1.6 1.7 mm compared with no traction in grade II
(n¼ 22) and III (n¼ 17) groups, respectively. These
changes represented a signiﬁcant difference between the
grade II and IV groups (P¼ 0.036). Therefore, we added
manipulative ankle traction to the positioning at 30 of
knee ﬂexion to widen the joint space in this study. However,
it will be necessary to compare the accuracy rate between
groups with the addition of the ankle traction and groups
with no traction in a future study.
This study revealed that the accuracy rate for intra-artic-
ular HA injections performed with the modiﬁed Waddell ap-
proach (an anteromedial approach with manipulative ankle
traction and a knee ﬂexion of 30) was signiﬁcantly higher
than that for both the seated anteromedial approach and
the lateral patellar approach in patients with a KeL grade
IV, but not II or III. An incorrect placement of extra-articularTable I
Comparison of the Lequesne index
Baseline 4-week
Correct injection group
(n¼ 18)
Mean (SD) 11.9 (5.3) 7.4 (6.0)
Median 11 9
95% CI 9.3e14.5 4.5e10.4
Incorrect injection group
(n¼ 32)
Mean (SD) 10.1 (5.4) 8.8 (5.5)
Median 10 8.5
95% CI 8.1e12 6.9e10.8
*P< 0.05.HA injection caused a declination of the effect of HA in
patients that received even one extra-articular injection, or
more, but participants that received all intra-articular injec-
tions demonstrated signiﬁcantly improved Lequesne index
values at week 6, in comparison with their baseline assess-
ments. From these results, we concluded that clinicians
should change the approach employed for an intra-articular
injection according to the severity of the knee OA.
In patients with severe knee OA, as shown by radio-
graphic methods, intra-articular surface irregularities and
sharpening of the tibial spines have been identiﬁed22. An-
other degenerative process occurs on the anterior surface
of the patella and consists of bone proliferation at the site
of the osseous attachment of the quadriceps tendon22.
These changes would be obstacles for the anteromedial
and lateral approaches [Fig. 3(a) and (b)]. However, osteo-
phyte formation at the anterior aspect of the femoral con-
dyle was uncommon even in the patients with KeL grade
IV [Fig. 3(c)]. Therefore, we considered that the modiﬁed
Waddell approach was more accurate than the other two
approaches for the patients with KeL grade IV.
We employed injections into the medial joint space of the
tibiofemoral joint in this study, although Waddell et al.6 em-
ployed injections into the lateral joint space. The rational ofI
at the baseline and 6-week
The change for 4 weeks P value between the
baseline and 12-week
4.7 (4.1) >0.0001*
3
6.7e2.7
1.3 (4.6) 0.14
1.3
3e0.3
Fig. 3. Schema of the intra-articular approaches for severe knee OA. (a) Lateral patellar approach, (b) seated anteromedial approach, (c) mod-
iﬁed Waddell’s approach.
984 Y. Toda and N. Tsukimura: Intra-articular injection accuracy ratesthis modiﬁcation was the medial femoral condyle was more
prominent as our anatomic landmark than the lateral femo-
ral condyle. However, the accuracy rate of anteromedial
approach may be lower than that of anterolateral approach
in the patients with medial compartment of knee OA.
Esenyel et al.23 evaluated the accuracy rate intra-articular
injection using anteromedial, anterolateral, lateral midpatel-
lar, and medial midpatellar portals in 156 knees of 78 fresh
cadavers. The accuracy rate in their result was the highest
(85%) in the anterolateral injection among the four injec-
tions. A future study should be conducted and evaluated
using anterolateral approaches at 30 of knee ﬂexion.
A problem encountered in this study was the inability to
assess the correlation between the order of approaches
and accuracy rates or clinical improvements. We should
assess whether modiﬁed Waddell’s approach is accurate
regardless of the approach used as a ﬁrst, second and third
injections in the participants with KeL grade IV. This was
secondary to the relative paucity of participants with KeL
grade IV (n¼ 11). It will be necessary to study this, includ-
ing a larger number of participants with KeL grade IV.
The current study was limited to assessment of the rela-
tionship between the radiographic KeL grade and the accu-
racy rate of three approaches. Future research directions
also include assessment of other parameters and the accu-
racy rate of different techniques. Through such studies, we
hope to discover a useful parameter to select an approach
of intra-articular HA injection for each patient with knee OA.Conﬂict of interest
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